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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
(57) [Claim(s)] 

[Claim 1] In the assessment approach of the semi-conductor film on a substrate, while 
investigating beforehand a response with the minimal value and the diameter of crystal grain at 
the time of the primary rate of change of the reflection factor curve of the light in the light field 
of two or more semi-conductor film The reflection factor of the light in said light field of the 
semi-conductor film which should be evaluated is measured. The assessment approach of the 
semi-conductor film characterized by determining the diameter of crystal grain of said semi- 
conductor film which should be evaluated by collating with a response with two or more 
minimal value and the diameter of crystal grain which calculated the minimal value of the 
primary rate of change of the reflection factor curve, and investigated this minimal value 
beforehand. 

[Claim 2] It is the assessment approach of the semi-conductor film according to claim 1 
characterized by being wavelength with said wavelength nearest to [ said reflection factor is a 
reflection factor of the light which carried out incidence at right angles to said semi-conductor 
film, and said minimal value is the value of the primary rate of change in the wavelength which 
changes locally the inclination of the reflection factor curve to said wavelength, or a value in said 
wavelength and the wavelength in which primary rate-of-change curves of a reflection factor 
form a trough, and ] 500nm in said light field. 

[Claim 3] Said semi-conductor film is the assessment approach of the semi-conductor film 
according to claim 1 or 2 characterized by being the semi-conductor film which became 
polycrystal-ized polish recon by laser annealing. 

[Claim 4] The Mitsuteru gunner stage for assessment which irradiates the light for assessment at 
said semi-conductor film in the assessment equipment of the semi-conductor film by which the 



semi-conductor film on a substrate is evaluated, A reflected light detection means to detect the 
reflected light from said semi-conductor film of said light for assessment, An operation means to 
compute the minimal value of the primary rate of change of the reflection factor curve of the 
light in the light field of said semi-conductor film by calculating the information from said 
reflected light detection means, The storage means which said minimal value and the diameter 
value of crystal grain were made to correspond, and held them about two or more semi- 
conductor film of the same kind beforehand, Assessment equipment of the semi-conductor film 
characterized by having an assessment means to choose from said storage means the diameter 
value [ / based on the minimal value computed with said operation means ] of crystal grain, and 
to determine the diameter value of crystal grain of said semi-conductor film. 
[Claim 5] Said operation means computes the minimal value of the primary rate of change of the 
reflection factor curve of the light in the light field of said semi-conductor film based on the 
information from said reflected light detection means. Said storage means Assessment equipment 
of the semi-conductor film according to claim 4 characterized by what the minimal value and the 
diameter value of crystal grain at the time of the primary rate of change of the reflection factor 
curve of the light in said light field are made to correspond, and are beforehand held for about 
two or more semi-conductor film of the same kind. 

[Claim 6] Said reflection factor is a reflection factor of the light which carried out incidence at 
right angles to said semi-conductor film. Said minimal value The value of the primary rate of 
change in the point which changes locally the inclination of the reflection factor curve to said 
wavelength, Or it is assessment equipment of the semi-conductor film according to claim 4 or 5 
characterized by being wavelength with said wavelength nearest to [ are a value in the point that 
primary rate-of-change curves of said wavelength and reflection factor form a trough, and ] 
500nm in said light field. 

[Claim 7] Said semi-conductor film is assessment equipment of the semi-conductor film given in 
either of claim 4 to claims 6 characterized by being the semi-conductor film which became 
polycrystal-ized polish recon by laser annealing. 

[Claim 8] In the formation approach of the semi-conductor film on a substrate, a response with 
the minimal value and the diameter of crystal grain at the time of the primary rate of change of 
the reflection factor curve of the light in the light field of two or more semi-conductor film is 
investigated beforehand. While setting up the minimal value used as the threshold for obtaining 



the desired diameter of crystal grain based on this The formation approach of the semi-conductor 
film characterized by calculating said minimal value of the primary rate of change of the 
reflection factor curve of the light in said light field of the formed semi-conductor film after 
forming the semi-conductor film, comparing said threshold for this minimal value, and judging 
the quality of said formed semi-conductor film. 

[Claim 9] In the formation approach of the semi-conductor film on a substrate, a response with 
the minimal value and the diameter of crystal grain at the time of the primary rate of change of 
the reflection factor curve of the light in the light field of two or more semi-conductor film is 
investigated beforehand. The process which sets up beforehand the minimal value used as the 
threshold for obtaining the desired diameter of crystal grain based on this, The process which 
forms the amorphous semiconductor film, and the process which gives laser annealing to the 
formed amorphous semiconductor film, and is crystallized on it, The formation approach of the 
semi-conductor film characterized by having the process which calculates said minimal value of 
the primary rate of change of the reflection factor curve of the light in said light field of this 
crystallized semi-conductor film, and judges the quality of said formed semi-conductor film for 
this minimal value as compared with said threshold. 

[Claim 10] Said reflection factor is a reflection factor of the light which carried out incidence at 
right angles to said semi-conductor film. Said minimal value The value of the primary rate of 
change in the wavelength which changes locally the inclination of the reflection factor curve to 
said wavelength, Or it is the formation approach of the semi-conductor film according to claim 8 
or 9 characterized by being wavelength with said wavelength nearest to [ are a value in said 
wavelength and the wavelength in which primary rate-of-change curves of a reflection factor 
form a trough, and ] 500nm in a light field. 
DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the assessment approach of the semi-conductor film created on the 
substrate, assessment equipment, and the formation approach, this invention is deducing the 
diameter of crystal grain of the semi-conductor film by optical observation especially, and relates 
to the assessment approach of the semi-conductor film which enabled in-line-ization, assessment 
equipment, and the formation approach. 



[0002] 

[Description of the Prior Art] By using on a substrate the technique which creates the semi- 
conductor film, the thin film electric field effect mold transistor (TFT:Thin Film Transistor) used 
as the switching element of the matrix display section is made to one side of the substrate of the 
couple which raises the degree of integration of an integrated circuit, and attains large capacity- 
ization, or pinched liquid crystal in between, and development of mass-producing the liquid 
crystal display (LCD:Liquid Crystal Display) of the active-matrix mold which makes a high 
definition animation display possible is performed to it. 

[0003] If TFT as can show the property near MOSFET especially produced by the silicon 
substrate can be formed on an insulating substrate, it becomes possible not only the switching 
element of the matrix display section of LCD but to make the circumference actuation circuit for 
forming CMOS on the outskirts and supplying a desired actuation signal level to the matrix 
display section in one, and the so-called mass production driver built-in [ LCD ] can be 
performed. 

[0004] Since it becomes unnecessary to perform external [ of a driver component ] to a liquid 
crystal panel, the cutback of processes and narrow picture frame-ization of driver built-in 
[ LCD ] are attained. Especially, as for narrow-picture-frame-izing, the miniaturization of the 
product itself is attained in the application of a Personal Digital Assistant in recent years or the 
monitor of a handicap video camera. As one of the important technical problems in such 
utilization driver built-in [ LCD ], the good semi-conductor film may be created at the 
temperature in the heat-resistant critical range of a substrate on transparence insulating substrates, 
such as glass. Conventionally, forming TFT on a glass substrate was comparatively performed 
by low temperature by the 300 to about 400 degrees C thing for which amorphous substance-like 
a semi-conductor layer, especially an amorphous silicon (a-Si) are created. However, even if on 
resistance was high and could apply to the switching device of the matrix display section, by the 
time such a-SiTFT made it possible to constitute the driver section as which high-speed actuation 
is required from it, it did not result. 

[0005] On the other hand, TFT applicable also to the driver section can be formed by using for a 
channel layer the polycrystal semi-conductor with which the single crystal grain (grain) of a 
large number with the particle size of hundreds of A to thousands of A exists in the form where it 
contacted mutually. CMOS with sufficient rate to obtain dozens to about [ hundreds of cm ] 



2/V.s, and for mobility be larger than a-Si double figures, especially polycrystalline silicon (p-Si), 
i.e., polish recon, and constitute the driver of LCD is formed. 

[0006] In order to create such driver built-in p-SiTFTLCD, it has been the biggest technical 
problem to form good p-Si of membraneous quality on a glass substrate. Usually, p-Si is formed 
by the approach of forming membranes directly with the solid phase grown method (SPC) to 
which crystallization is urged by heat-treating to a-Si formed on the substrate, or reduced 
pressure CVD. Each of these membrane formation approaches is processings in an elevated 
temperature of 700 to about 900 degrees C, and the manufacture process of p-SiTFTLCD 
including such an elevated-temperature process is called an elevated-temperature process. In the 
elevated-temperature process, expensive substrates, such as heat-resistant high quartz glass, 
required as a substrate, and cost was high. 

[0007] For this reason, for some time, the applicant has been developing the approach of the 
highest also making temperature of a process about 600 degrees C or less, and enabling adoption 
of a cheap alkali-free-glass substrate etc. as a substrate, in order to lower cost. The manufacture 
process of p-SiTFTLCD which suppressed such all processes below to the critical temperature of 
the thermal resistance of a substrate is called a low-temperature process. 
[0008] A low-temperature process is giving an excimer laser to a-Si, and became possible by 
excimer laser annealing (ELA) which stimulates crystallization and creates p-Si. Although an 
excimer laser is ultraviolet radiation generated in case the excimer made into the excitation state 
returns to a ground state, by ELA, it processes the configuration of a laser beam according to 
predetermined optical system, and is irradiated at the non-processing film. Thereby, heat energy 
is given especially on the surface of a-Si, at the temperature below the heat-resistant critical 
temperature of a substrate, crystallization is performed and p-Si is formed. 
[0009] 

[Problem(s) to be Solved by the Invention] In ELA, it has been main technical problems to solve 
the problem of the optimal setting out of the laser power and dispersion of exposure laser energy. 
As the relation between exposure laser energy and the diameter of crystal grain of p-Si (grain 
size) is shown in drawing 13 , grain size also becomes large as energy imparted becomes large, 
but if a certain point exceeds a certain point, grain size will become small rapidly and it will 
become microcrystal-ization, i.e., micro crystal. Therefore, in order to obtain more than grain 
size (GM) big enough, the power of the laser light source must be set up the optimal between 



Minimum Ed and an upper limit Eu, and it is necessary to always manage ELA based on the 
relation of drawing 13 . 

[0010] especially ~ degradation of a laser medium — following ~ power setting out of equipment 
~ actually ~ a ratio — if a gap with the effective energy irradiated by the processing film 
becomes large — drawing 13 — following — the grain size of p-Si — desired value — small — 
**********. Moreover, in ELA equipment, the laser light emitted in the source of laser 
oscillation passes long-distance optical system, in order to operate orthopedically in the 
configuration of having been suitable for predetermined laser annealing and that it does not 
irradiate, but if optical system is polluted in this case even when it is slight by moisture, a foreign 
matter, etc., it will cause lowering of effective energy too. 

[001 1] Furthermore, dispersion in effective exposure energy also poses a problem. That is, if 
dispersion in exposure reinforcement has arisen in the exposure field of a laser beam, it will pose 
a problem that grain size does not become large enough in the field corresponding to the part 
from which exposure energy separated from the optimal range of drawing 13 . As the assessment 
approach of the grain size of conventional p-Si, although there is SEKOETCHI, the substrate 
which evaluated the film by this approach cannot be used as a product, but can only perform 
guessing assessment of other substrates. 

[0012] This inventions are the approach an in-line monitor estimates the p-Si film of this ** 
directly for the purpose of solving the problem to which it comes from exposure laser energy 
varying, and a thing which offers the formation approach and formation equipment further. 
[0013] 

[Means for Solving the Problem] This invention is the configuration of being made in order to 
attain this object, and deducing the diameter of crystal grain of the semi-conductor film based on 
the reflection factor of the light in the light field of the semi-conductor film. Furthermore, in the 
appraisal method method of the semi-conductor film on a substrate, while investigating 
beforehand a response with the minimal value and the diameter of crystal grain at the time of the 
primary rate of change of the reflection factor curve of the light in the light field of two or more 
semi-conductor film It is the configuration of determining the diameter of crystal grain of said 
semi-conductor film which should be evaluated, by measuring the reflection factor of the light in 
said light field of the semi-conductor film which should be evaluated, calculating said minimal 
value of the reflection factor curve, and collating this minimal value with a response with said 



two or more minimal value and diameter of crystal grain which were investigated beforehand. 
Thereby, the diameter of crystal grain can be evaluated, without destroying the semi-conductor 
film. [0014] Moreover, this invention is set to the assessment equipment of the semi-conductor 
film by which the semi-conductor film on a substrate is evaluated. The assessment Mitsuteru 
gunner stage which irradiates the light for assessment at said semi-conductor film, and a 
reflected light detection means to detect the reflected light from said semi-conductor film of said 
light for assessment, An operation means to compute the minimal value of the primary rate of 
change of the reflection factor curve of the light in the light field of said semi-conductor film by 
calculating the information from said reflected light detection means, It is the configuration of 
having the storage means which said minimal value and the diameter value of crystal grain were 
made corresponding, and held them about two or more semi-conductor film of the same kind 
beforehand, and an assessment means to choose from said storage means the diameter value [ / 
based on the minimal value computed with said operation means ] of crystal grain, and to 
determine the diameter value of crystal grain of said semi-conductor film. 
[0015] Said especially operation means computes the minimal value of the primary rate of 
change of the reflection factor curve of the light in the light field of said semi-conductor film 
based on the information from said reflected light detection means, and said storage means is a 
configuration which the minimal value and the diameter value of crystal grain at the time of the 
primary rate of change of the reflection factor curve of the light in said light field are made to 
correspond about two or more semi-conductor film of the same kind beforehand, and is held. 
Since the diameter of crystal grain can be evaluated by this, without destroying the semi- 
conductor film, the diameter of crystal grain can be investigated in a manufacture process. [0016] 
Moreover, in the formation approach of the semi-conductor film on a substrate, a response with 
the minimal value and the diameter of crystal grain at the time of the primary rate of change of 
the reflection factor curve of the light in the light field of two or more semi-conductor film is 
investigated beforehand. While setting up the minimal value used as the threshold for obtaining 
the desired diameter of crystal grain based on this It is the configuration of calculating said 
minimal value of the primary rate of change of the reflection factor curve of the light in said light 
field of the semi-conductor film after forming the semi-conductor film, comparing said threshold 
for this minimal value, and judging the quality of said formed semi-conductor film. 
[0017] Furthermore, in the formation approach of the semi-conductor film on a substrate, a 



response with the minimal value and the diameter of crystal grain at the time of the primary rate 
of change of the reflection factor curve of the light in the light field of two or more semi- 
conductor film is investigated beforehand. The process which sets up beforehand the minimal 
value used as the threshold for obtaining the desired diameter of crystal grain based on this, The 
process which forms the amorphous semiconductor film, and the process which gives laser 
annealing to the formed amorphous semiconductor film, and is crystallized on it, It is the 
configuration of having the process which calculates said minimal value of the primary rate of 
change of the reflection factor curve of the light in said light field of this crystallized semi- 
conductor film, and judges the quality of said formed semi-conductor film for this minimal value 
as compared with said threshold. 

[0018] Since the diameter of crystal grain can be evaluated by this, without destroying the semi- 
conductor film, in the middle of a manufacture process, a defective can be removed and cost is 
reduced. 

[0019] Drawing 1 to drawing 4 is related curvilinear drawing which measured the wavelength 
dependency (phase comparison) of the reflection factor of the p-Si film formed by giving ELA to 
the a-Si film. As an optical exposure and lighting equipment, the multichannel spectrometry 
machine made from the Otsuka electron was used. Moreover, an optical exposure and the 
reflected light went perpendicularly to the object film. In addition, the light of a 400nm - 750nm 
light field was used for the exposure. When ELA laser power of drawing 1 is 520mJ(s), drawing 
2 is [ 540mJ(s) and drawing 4 of 530mJ(s) and drawing 3 ] 550mJ(s) similarly. By comparing 
these drawings shows the following things. That is, the related curve is presenting the 
characteristic configuration near the wavelength of 500nm, and the singularity itself is further 
dependent also on laser power. Especially, in drawing 1 and drawing 2 , it is a trough, such 
change of the configuration of the reflection factor curve depending on laser power originates in 
change of the grain size of the p-Si film ~ it thinks. 

[0020] Then, the applicant differentiated the reflection factor curve and searched for primary rate 
of change. Drawing 5 to drawing 8 is the wavelength dependency curve of the primary rate of 
change of the reflection factor curve of drawing 1 to drawing 4 respectively. The deflection of a 
rate-of-change curve is large in the form where the singular part of a reflection factor curve was 
emphasized in near 500nm like drawing 4 from drawing 1 . namely, the singular part of the 
reflection factor curve in drawing 4 from drawing 1 ~ in more detail in the field near [ where 



wavelength becomes large / where it is alike, and it follows and a reflection factor also becomes 
high ] 500nm, the inclination of a reflection factor curve has changed locally — further There is a 
place which falls and serves as a trough and the relation of such a wavelength-reflection factor is 
clearly expressed as the minimum depth as shown by the arrow head in the trough of a rate-of- 
change curve in drawing 8 from drawing 5 . It has this minimal value and is made to represent 
with this invention as an optical value which is a value of a proper when ELA is performed under 
each conditions. 

[0021] Drawing 9 is drawing which investigated the relation between the optical value acquired 
by doing in this way, and the grain size obtained by surveying by SEKOETCHI etc. on the actual 
p-Si film at that time about many samples. A continuous line is a trend line of these relation. This 
shows that grain size is large, so that it will be carried out the more if the singular part of the 
reflection factor curve of drawing 4 is eased from drawing 1 the more an optical value becomes 
large namely. That is, in these condition range, grain size is changing to the linear to an optical 
value. Therefore, grain size can be deduced by investigating the rate of change of a reflection 
factor. 

[0022] Although the mechanism does not have such a clear wavelength dependency of a 
reflection factor or its rate of change about a unique property being shown in a specific 
wavelength field, depending on whenever [ crystal order ], the superiority or inferiority of an 
echo and scattered reflection change, and that in which it appears notably in an above-mentioned 
wavelength region especially is conjectured. Therefore, the diameter of crystal grain can be 
deduced from investigating such optical property in inverse operation. 

[0023] Here, I hear that the relation between an optical value and laser energy (grain size) has the 
description as shown in drawing: 10 , and having been traced still more nearly experientially has 
it. That is, in a certain energy field, an optical value turns into the minimum value and it has 
relation in which an optical value rises symmetrically on the both sides. And the energy density 
which takes the minimum value of such an optical value experimentally is from 300 mJ/cm2 to 
350 mJ/cm2 generally, and when the laser power in ELA considers that fine adjustment in the 
range of 400 mJ/cm2 to about two 500 mJ/cm is demanded for an energy density, it turns out that 
the relation between an optical value and laser power, i.e., grain size, presents a linear 
configuration mostly. 

[0024] Drawing 1 1 is the block diagram of the assessment equipment concerning the gestalt of 



operation of this invention. It is the processed substrate with which the semi-conductor film with 
which operation part and (2) should evaluate (1) and a detecting element and (5) should evaluate 
the storage section and (3) was formed. As for a detecting element (3), a light emitting device 
and lighting components, such as a halogen lamp, constitute the coaxial fiber. ELA is given, a 
processed substrate (5) is crystallized by a-Si formed on the insulating substrate, and p-Si is 
formed. A detecting element (3) detects that reflected light, and investigates the spectral 
characteristic while it irradiates the light for detection at this processed substrate (5). This 
spectral characteristic information is sent to operation part (1). In operation part (1), the 
wavelength dependency of the reflection factor shown in drawin g 4 from drawing 1 is computed, 
the primary rate of change of the reflection factor shown in drawing 8 from drawing 5 is 
searched for, further, the minimal value is investigated and an optical value is determined after 
this. This optical value is sent to the storage section (2). The optical value shown in drawing 9 
and the grain size at that time correspond, and are held at the storage section (2). The storage 
section (2) is the nonvolatile memory by which the value of the grain size which made 
information based on an optical value the address was held. Therefore, the address is generated 
based on the optical value sent from operation part (1), and reading appearance of the value of 
grain size is carried out. Thus, the obtained grain size is determined as grain size of the processed 
substrate (5). Dispersion in the exposure field of ELA energy is manageable by performing 
measurement of such grain size by two or more points on a processed substrate (5). Moreover, 
according to the property of ELA equipment, and the time of equipment, the information held at 
the storage section (2) can be rewritten, or can also respond also to long-term condition 
fluctuation by exchanging memory etc. 

[0025] Assessment of the p-Si film in such this invention is performed by measurement of the 
rate of a light reflex, i.e., lighting of a suitable optical exposure and its reflected light. Therefore, 
in-line monitoring can become possible, the grain size measurement process concerning this 
invention can be installed immediately after the formation process of the p-Si film, and ELA can 
be managed. Drawing 12 is assessment equipment introduced into a manufacture process. (1), (3), 
and (5) are the same operation part as drawing 1 1 , a detecting element, and a processed substrate 
respectively. (4) is the judgment section. The optical value corresponding to the upper limit of 
the tolerance of the grain size of target p-Si and the optical value corresponding to a minimum 
are set to the judgment section (4). The optical value sent from operation part (1) is compared 



with the optical value of these upper limits and a minimum, it is investigated whether the grain 
size of the processed substrate (5) of this ** is in tolerance, and the quality of the processed 
substrate (5) is judged. When it judges that a processed substrate (5) is poor, as for the processed 
substrate (5), migration at degree process is forbidden. 

[0026] By thus, the thing for which the assessment process of this invention is installed after an 
ELA process Measure the grain size just behind ELA and laser radiation energy changes for 
some reasons [ exhausting / contamination of moisture, a foreign matter, and optical system, / of 
the laser light source ]. When grain size does not become large enough, or it stops and cancels ** 
and manufacture, delivery and the p-Si film are removed at the etching process of the p-Si film, 
and measures, such as redoing from a membrane formation process again, are taken. Furthermore, 
by unifying the assessment process of ELA and this invention, the p-Si film is evaluated on a 
simultaneous target, performing laser radiation, and ELA while always adjusting laser power the 
optimal becomes possible by feeding back to ELA. 
[0027] 

[Effect of the Invention] By this invention, since insertion to a production process of the 
assessment process of the diameter of crystal grain of the semi-conductor film was attained, 
management of a semi-conductor film formation process can always be performed. Thereby, 
when the membraneous quality of the semi-conductor film immediately after formation comes 
outside tolerance, ** and manufacture can be stopped and a defective can be discovered in an 
early phase. For this reason, excessive cost is reduced and the yield improves. Moreover, film 
assessment is performed in parallel with a production process, and since it is always finely tuned 
by the optimal conditions by reflecting this in a semi-conductor film formation process, a 
semiconductor device with a good property is manufactured. 
TECHNICAL FIELD 

[Field of the Invention] About the assessment approach of the semi-conductor film created on the 
substrate, assessment equipment, and the formation approach, this invention is deducing the 
diameter of crystal grain of the semi-conductor film by optical observation especially, and relates 
to the assessment approach of the semi-conductor film which enabled in-line-ization, assessment 
equipment, and the formation approach. 
PRIOR ART 



[Description of the Prior Art] By using on a substrate the technique which creates the semi- 
conductor film, the thin film electric field effect mold transistor (TFT:Thin Film Transistor) used 
as the switching element of the matrix display section is made to one side of the substrate of the 
couple which raises the degree of integration of an integrated circuit, and attains large capacity- 
ization, or pinched liquid crystal in between, and development of mass-producing the liquid 
crystal display (LCD:Liquid Crystal Display) of the active-matrix mold which makes a high 
definition animation display possible is performed to it. 

[0003] If TFT as can show the property near MOSFET especially produced by the silicon 
substrate can be formed on an insulating substrate, it becomes possible not only the switching 
element of the matrix display section of LCD but to make the circumference actuation circuit for 
forming CMOS on the outskirts and supplying a desired actuation signal level to the matrix 
display section in one, and the so-called mass production driver built-in [ LCD ] can be 
performed. 

[0004] Since it becomes unnecessary to perform external [ of a driver component ] to a liquid 
crystal panel, the cutback of processes and narrow picture frame-ization of driver built-in 
[ LCD ] are attained. Especially, as for narrow-picture-frame-izing, the miniaturization of the 
product itself is attained in the application of a Personal Digital Assistant in recent years or the 
monitor of a handicap video camera. As one of the important technical problems in such 
utilization driver built-in [ LCD ], the good semi-conductor film may be created at the 
temperature in the heat-resistant critical range of a substrate on transparence insulating substrates, 
such as glass. Conventionally, forming TFT on a glass substrate was comparatively performed 
by low temperature by the 300 to about 400 degrees C thing for which amorphous substance-like 
a semi-conductor layer, especially an amorphous silicon (a-Si) are created. However, even if on 
resistance was high and could apply to the switching device of the matrix display section, by the 
time such a-SiTFT made it possible to constitute the driver section as which high-speed actuation 
is required from it, it did not result. 

[0005] On the other hand, TFT applicable also to the driver section can be formed by using for a 
channel layer the polycrystal semi-conductor with which the single crystal grain (grain) of a 
large number with the particle size of hundreds of A to thousands of A exists in the form where it 
contacted mutually. CMOS with sufficient rate to obtain dozens to about [ hundreds of cm ] 
2/V.s, and for mobility be larger than a-Si double figures, especially polycrystalline silicon (p-Si), 



i.e., polish recon, and constitute the driver of LCD is formed. 

[0006] In order to create such driver built-in p-SiTFTLCD, it has been the biggest technical 
problem to form good p-Si of membraneous quality on a glass substrate. Usually, p-Si is formed 
by the approach of forming membranes directly with the solid phase grown method (SPC) to 
which crystallization is urged by heat-treating to a-Si formed on the substrate, or reduced 
pressure CVD. Each of these membrane formation approaches is processings in an elevated 
temperature of 700 to about 900 degrees C, and the manufacture process of p-SiTFTLCD 
including such an elevated-temperature process is called an elevated-temperature process. In the 
elevated-temperature process, expensive substrates, such as heat-resistant high quartz glass, 
required as a substrate, and cost was high. 

[0007] For this reason, for some time, the applicant has been developing the approach of the 
highest also making temperature of a process about 600 degrees C or less, and enabling adoption 
of a cheap alkali-free-glass substrate etc. as a substrate, in order to lower cost. The manufacture 
process of p-SiTFTLCD which suppressed such all processes below to the critical temperature of 
the thermal resistance of a substrate is called a low-temperature process. 
[0008] A low-temperature process is giving an excimer laser to a-Si, and became possible by 
excimer laser annealing (ELA) which stimulates crystallization and creates p-Si. Although an 
excimer laser is ultraviolet radiation generated in case the excimer made into the excitation state 
returns to a ground state, by ELA, it processes the configuration of a laser beam according to 
predetermined optical system, and is irradiated at the non-processing film. Thereby, heat energy 
is given especially on the surface of a-Si, at the temperature below the heat-resistant critical 
temperature of a substrate, crystallization is performed and p-Si is formed. 
EFFECT OF THE INVENTION 

w>>>>>>>>>>>>>>>>>>>>>>>>>>>^ 

[Effect of the Invention] By this invention, since insertion to a production process of the 
assessment process of the diameter of crystal grain of the semi-conductor film was attained, 
management of a semi-conductor film formation process can always be performed. Thereby, 
when the membraneous quality of the semi-conductor film immediately after formation comes 
outside tolerance, ** and manufacture can be stopped and a defective can be discovered in an 
early phase. For this reason, excessive cost is reduced and the yield improves. Moreover, film 
assessment is performed in parallel with a production process, and since it is always finely tuned 



by the optimal conditions by reflecting this in a semi-conductor film formation process, a 
semiconductor device with a good property is manufactured. 
TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] In ELA, it has been main technical problems to solve 
the problem of the optimal setting out of the laser power and dispersion of exposure laser energy. 
As the relation between exposure laser energy and the diameter of crystal grain of p-Si (grain 
size) is shown in drawing 13 , grain size also becomes large as energy imparted becomes large, 
but if a certain point exceeds a certain point, grain size will become small rapidly and it will 
become microcrystal-ization, i.e., micro crystal. Therefore, in order to obtain more than grain 
size (GM) big enough, the power of the laser light source must be set up the optimal between 
Minimum Ed and an upper limit Eu, and it is necessary to always manage ELA based on the 
relation of drawing 13 . 

[0010] especially ~ degradation of a laser medium ~ following — power setting out of equipment 
~ actually ~ a ratio — if a gap with the effective energy irradiated by the processing film 
becomes large ~ drawing 13 ~ following ~ the grain size of p-Si ~ desired value ~ small ~ 
********** Moreover, in ELA equipment, the laser light emitted in the source of laser 
oscillation passes long-distance optical system, in order to operate orthopedically in the 
configuration of having been suitable for predetermined laser annealing and that it does not 
irradiate, but if optical system is polluted in this case even when it is slight by moisture, a foreign 
matter, etc., it will cause lowering of effective energy too. 

[001 1] Furthermore, dispersion in effective exposure energy also poses a problem. That is, if 
dispersion in exposure reinforcement has arisen in the exposure field of a laser beam, it will pose 
a problem that grain size does not become large enough in the field corresponding to the part 
from which exposure energy separated from the optimal range of drawing 13 . As the assessment 
approach of the grain size of conventional p-Si, although there is SEKOETCHI, the substrate 
which evaluated the film by this approach cannot be used as a product, but can only perform 
guessing assessment of other substrates. 

[0012] This inventions are the approach an in-line monitor estimates the p-Si film of this ** 
directly for the purpose of solving the problem to which it comes from exposure laser energy 
varying, and a thing which offers the formation approach and formation equipment further. 
MEANS 



[Means for Solving the Problem] This invention is the configuration of being made in order to 
attain this object, and deducing the diameter of crystal grain of the semi-conductor film based on 
the reflection factor of the light in the light field of the semi-conductor film. Furthermore, in the 
appraisal method method of the semi-conductor film on a substrate, while investigating 
beforehand a response with the minimal value and the diameter of crystal grain at the time of the 
primary rate of change of the reflection factor curve of the light in the light field of two or more 
semi-conductor film It is the configuration of determining the diameter of crystal grain of said 
semi-conductor film which should be evaluated, by measuring the reflection factor of the light in 
said light field of the semi-conductor film which should be evaluated, calculating said minimal 
value of the reflection factor curve, and collating this minimal value with a response with said 
two or more minimal value and diameter of crystal grain which were investigated beforehand. 
Thereby, the diameter of crystal grain can be evaluated, without destroying the semi-conductor 
film. [0014] Moreover, this invention is set to the assessment equipment of the semi-conductor 
film by which the semi-conductor film on a substrate is evaluated. The assessment Mitsuteru 
gunner stage which irradiates the light for assessment at said semi-conductor film, and a 
reflected light detection means to detect the reflected light from said semi-conductor film of said 
light for assessment, An operation means to compute the minimal value of the primary rate of 
change of the reflection factor curve of the light in the light field of said semi-conductor film by 
calculating the information from said reflected light detection means, It is the configuration of 
having the storage means which said minimal value and the diameter value of crystal grain were 
made corresponding, and held them about two or more semi-conductor film of the same kind 
beforehand, and an assessment means to choose from said storage means the diameter value [ / 
based on the minimal value computed with said operation means ] of crystal grain, and to 
determine the diameter value of crystal grain of said semi-conductor film. 
[0015] Said especially operation means computes the minimal value of the primary rate of 
change of the reflection factor curve of the light in the light field of said semi-conductor film 
based on the information from said reflected light detection means, and said storage means is a 
configuration which the minimal value and the diameter value of crystal grain at the time of the 
primary rate of change of the reflection factor curve of the light in said light field are made to 
correspond about two or more semi-conductor film of the same kind beforehand, and is held. 



Since the diameter of crystal grain can be evaluated by this, without destroying the semi- 
conductor film, the diameter of crystal grain can be investigated in a manufacture process. [0016] 
Moreover, in the formation approach of the semi-conductor film on a substrate, a response with 
the minimal value and the diameter of crystal grain at the time of the primary rate of change of 
the reflection factor curve of the light in the light field of two or more semi-conductor film is 
investigated beforehand. While setting up the minimal value used as the threshold for obtaining 
the desired diameter of crystal grain based on this It is the configuration of calculating said 
minimal value of the primary rate of change of the reflection factor curve of the light in said light 
field of the semi-conductor film after forming the semi-conductor film, comparing said threshold 
for this minimal value, and judging the quality of said formed semi-conductor film. 
[0017] Furthermore, in the formation approach of the semi-conductor film on a substrate, a 
response with the minimal value and the diameter of crystal grain at the time of the primary rate 
of change of the reflection factor curve of the light in the light field of two or more semi- 
conductor film is investigated beforehand. The process which sets up beforehand the minimal 
value used as the threshold for obtaining the desired diameter of crystal grain based on this, The 
process which forms the amorphous semiconductor film, and the process which gives laser 
annealing to the formed amorphous semiconductor film, and is crystallized on it, It is the 
configuration of having the process which calculates said minimal value of the primary rate of 
change of the reflection factor curve of the light in said light field of this crystallized semi- 
conductor film, and judges the quality of said formed semi-conductor film for this minimal value 
as compared with said threshold. 

[0018] Since the diameter of crystal grain can be evaluated by this, without destroying the semi- 
conductor film, in the middle of a manufacture process, a defective can be removed and cost is 
reduced. 

[0019] Drawing 1 to drawing 4 is related curvilinear drawing which measured the wavelength 
dependency (phase comparison) of the reflection factor of the p-Si film formed by giving ELA to 
the a-Si film. As an optical exposure and lighting equipment, the multichannel spectrometry 
machine made from the Otsuka electron was used. Moreover, an optical exposure and the 
reflected light went perpendicularly to the object film. In addition, the light of a 400nm - 750nm 
light field was used for the exposure. When ELA laser power of drawing 1 is 520mJ(s), drawing 
2 is [ 540mJ(s) and drawing 4 of 530mJ(s) and drawing 3 ] 550mJ(s) similarly. By comparing 



these drawings shows the following things. That is, the related curve is presenting the 
characteristic configuration near the wavelength of 500nm, and the singularity itself is further 
dependent also on laser power. Especially, in drawing 1 and drawing 2 , it is a trough, such 
change of the configuration of the reflection factor curve depending on laser power originates in 
change of the grain size of the p-Si film — it thinks. 

[0020] Then, the applicant differentiated the reflection factor curve and searched for primary rate 
of change. Drawing 5 to drawing 8 is the wavelength dependency curve of the primary rate of 
change of the reflection factor curve of drawing 1 to drawing 4 respectively. The deflection of a 
rate-of-change curve is large in the form where the singular part of a reflection factor curve was 
emphasized in near 500nm like drawing 4 from drawing 1 . namely, the singular part of the 
reflection factor curve in drawing 4 from drawing 1 ~ in more detail in the field near [ where 
wavelength becomes large / where it is alike, and it follows and a reflection factor also becomes 
high ] 500nm, the inclination of a reflection factor curve has changed locally ~ further There is a 
place which falls and serves as a trough and the relation of such a wavelength-reflection factor is 
clearly expressed as the minimum depth as shown by the arrow head in the trough of a rate-of- 
change curve in drawing 8 from drawing 5 . It has this minimal value and is made to represent 
with this invention as an optical value which is a value of a proper when ELA is performed under 
each conditions. 

[0021] Drawing 9 is drawing which investigated the relation between the optical value acquired 
by doing in this way, and the grain size obtained by surveying by SEKOETCHI etc. on the actual 
p-Si film at that time about many samples. A continuous line is a trend line of these relation. This 
shows that grain size is large, so that it will be carried out the more if the singular part of the 
reflection factor curve of drawing 4 is eased from drawing 1 the more an optical value becomes 
large namely. That is, in these condition range, grain size is changing to the linear to an optical 
value. Therefore, grain size can be deduced by investigating the rate of change of a reflection 
factor. 

[0022] Although the mechanism does not have such a clear wavelength dependency of a 
reflection factor or its rate of change about a unique property being shown in a specific 
wavelength field, depending on whenever [ crystal order ], the superiority or inferiority of an 
echo and scattered reflection change, and that in which it appears notably in an above-mentioned 
wavelength region especially is conjectured. Therefore, the diameter of crystal grain can be 



deduced from investigating such optical property in inverse operation. 

[0023] Here, I hear that the relation between an optical value and laser energy (grain size) has the 
description as shown in drawing 10 , and having been traced still more nearly experientially has 
it. That is, in a certain energy field, an optical value turns into the minimum value and it has 
relation in which an optical value rises symmetrically on the both sides. And the energy density 
which takes the minimum value of such an optical value experimentally is from 300 mJ/cm2 to 
350 mJ/cm2 generally, and when the laser power in ELA considers that fine adjustment in the 
range of 400 mJ/cm2 to about two 500 mJ/cm is demanded for an energy density, it turns out that 
the relation between an optical value and laser power, i.e., grain size, presents a linear 
configuration mostly. 

[0024] Dra wing 1 1 is the block diagram of the assessment equipment concerning the gestalt of 
operation of this invention. It is the processed substrate with which the semi-conductor film with 
which operation part and (2) should evaluate (1) and a detecting element and (5) should evaluate 
the storage section and (3) was formed. As for a detecting element (3), a light emitting device 
and lighting components, such as a halogen lamp, constitute the coaxial fiber. ELA is given, a 
processed substrate (5) is crystallized by a-Si formed on the insulating substrate, and p-Si is 
formed. A detecting element (3) detects that reflected light, and investigates the spectral 
characteristic while it irradiates the light for detection at this processed substrate (5). This 
spectral characteristic information is sent to operation part (1). In operation part (1), the 
wavelength dependency of the reflection factor shown in dra wing 4 from drawing 1 is computed, 
the primary rate of change of the reflection factor shown in drawin g 8 from drawing 5 is 
searched for, further, the minimal value is investigated and an optical value is determined after 
this. This optical value is sent to the storage section (2). The optical value shown in drawing 9 
and the grain size at that time correspond, and are held at the storage section (2). The storage 
section (2) is the nonvolatile memory by which the value of the grain size which made 
information based on an optical value the address was held. Therefore, the address is generated 
based on the optical value sent from operation part (1), and reading appearance of the value of 
grain size is carried out. Thus, the obtained grain size is determined as grain size of the processed 
substrate (5). Dispersion in the exposure field of ELA energy is manageable by performing 
measurement of such grain size by two or more points on a processed substrate (5). Moreover, 
according to the property of ELA equipment, and the time of equipment, the information held at 



the storage section (2) can be rewritten, or can also respond also to long-term condition 
fluctuation by exchanging memory etc. 

[0025] Assessment of the p-Si film in such this invention is performed by measurement of the 
rate of a light reflex, i.e., lighting of a suitable optical exposure and its reflected light. Therefore, 
in-line monitoring can become possible, the grain size measurement process concerning this 
invention can be installed immediately after the formation process of the p-Si film, and ELA can 
be managed. Drawing 12 is assessment equipment introduced into a manufacture process. (1), (3), 
and (5) are the same operation part as drawing 1 1 , a detecting element, and a processed substrate 
respectively. (4) is the judgment section. The optical value corresponding to the upper limit of 
the tolerance of the grain size of target p-Si and the optical value corresponding to a minimum 
are set to the judgment section (4). The optical value sent from operation part (1) is compared 
with the optical value of these upper limits and a minimum, it is investigated whether the grain 
size of the processed substrate (5) of this ** is in tolerance, and the quality of the processed 
substrate (5) is judged. When it judges that a processed substrate (5) is poor, as for the processed 
substrate (5), migration at degree process is forbidden. 

[0026] By thus, the thing for which the assessment process of this invention is installed after an 
ELA process Measure the grain size just behind ELA and laser radiation energy changes for 
some reasons [ exhausting / contamination of moisture, a foreign matter, and optical system, / of 
the laser light source ]. When grain size does not become large enough, or it stops and cancels ** 
and manufacture, delivery and the p-Si film are removed at the etching process of the p-Si film, 
and measures, such as redoing from a membrane formation process again, are taken. Furthermore, 
by unifying the assessment process of ELA and this invention, the p-Si film is evaluated on a 
simultaneous target, performing laser radiation, and ELA while always adjusting laser power the 
optimal becomes possible by feeding back to ELA. 
DESCRIPTION OF DRAWINGS 
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[Brief Description of the Drawings] 

[Drawing 1] It is related drawing which measured the wavelength dependency of the reflection 
factor of the p-Si film in this invention. 

[Drawing 2] It is related drawing which measured the wavelength dependency of the reflection 
factor of the p-Si film in this invention. 

[Drawing 3] It is related drawing which measured the wavelength dependency of the reflection 



factor of the p-Si film in this invention. 

[Drawing 4] It is related drawing which measured the wavelength dependency of the reflection 
factor of the p-Si film in this invention. 

[Drawing 5] It is related drawing which searched for primary rate of change from the curve of 
the wavelength dependency of the reflection factor in drawing 1 . 

[Drawing 6] It is related drawing which searched for the primary rate of change of the curve of 
the wavelength dependency of the reflection factor in drawing 2 . 

[Drawing 7] It is related drawing which searched for the primary rate of change of the curve of 
the wavelength dependency of the reflection factor in drawin g 3 . 

[Drawing 8] It is related drawing which searched for the primary rate of change of the curve of 
the wavelength dependency of the reflection factor in drawing 4 . 

[Dra wing 9] It is related drawing of the minimal value of primary rate of change, and the grain 
size of the p-Si film. 

[Drawing 10] It is related drawing of laser energy and the minimal value of primary rate of 
change. 

[ Drawing 1 1 1 It is the block diagram of the assessment equipment of the semi-conductor film 
concerning the gestalt of operation of this invention. 

[Drawing 12] It is the block diagram of the formation equipment of the semi-conductor film 

concerning the gestalt of operation of this invention. 

[Drawing 13] It is related drawing of exposure laser energy and grain size. 

[Description of Notations] 

1 Operation Part 

2 Storage Section 

3 Detecting Element 

4 Judgment Section 

5 Processed Substrate 
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PROBLEM TO BE SOLVED: To manage the process for forming a semiconductor 
film constantly during the production process by evaluating the crystal 
grain size of a semiconductor film based on the reflectance of light in 
a specified wavelength region thereof. 

SOLUTION: The unit for evaluating a semiconductor film, e. g. a 
polysilicon (p-Si) film deposited on a glass substrate by excimer laser 
anneal ELA, being employed in a liquid crystal display comprises an 
operating section 1, a memory section 2 and a detecting section 3. The 
detecting section 3 irradiates a substrate 5 to be processed, on which 
the p-Si is formed, with a detection light and inspects the spectral 
characteristics of reflected light. The operating section 1 examines the 
wavelength dependence of reflectance and the minimal value of primary 
variation rate in the wavelength region of 500 nm or thereabout thus 
determining the optical value. The optical value has a linear 
relationship to the p-Si crystal grain size which is determines using 
information held in a memory section 2. Optimal regulation can be 
performed constantly by measuring the crystal grain size in-line in the 
process of ELA, or the like. 
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CLAIMS 
[Claim(s) ] 

[Claim 1] The assessment approach of the semi-conductor film 
characterized by deducing the diameter of crystal grain of the semi- 
conductor film based on the reflection factor of the light in the 
predetermined wavelength region of the semi-conductor film. 
[Claim 2] In the assessment approach of the semi-conductor film on a 
substrate, while investigating beforehand a response with the optical 
value about the reflection factor of the light in the predetermined 
wavelength region of two or more semi-conductor film, and the diameter 
of crystal grain at that time The reflection factor of the light in said 
predetermined wavelength region of the semi-conductor film which should 
be evaluated is measured. The assessment approach of the semi-conductor 
film characterized by determining the diameter of crystal grain of said 
semi-conductor film which should be evaluated by calculating said 
optical value about it and collating this optical value with a response 
with said two or more optical values and diameter of crystal grain which 
were investigated beforehand. 

[Claim 3] Said optical value is the assessment approach of the semi- 
conductor film according to claim 2 characterized by being the minimal 
value in the primary rate of change of said reflection factor. 
[Claim 4] Said reflection factor is the assessment approach of the semi- 
conductor film according to claim 2 or 3 which is the reflection factor 
of the light which carried out incidence at right angles to said semi- 
conductor film, and is characterized by for said predetermined 
wavelength region being a unique field of the dependency over the 
wavelength of said reflection factor or its primary rate of change, and 
being a unique field nearest to 500nm. 

[Claim 5] The Mitsuteru gunner stage for assessment which irradiates the 
light for assessment at said semi-conductor film in the assessment 
equipment of the semi-conductor film by which the semi-conductor film on 
a substrate is evaluated, A reflected light detection means to detect 



the reflected light from said semi-conductor film of said light for 
assessment, An operation means to compute an optical value by 
calculating the information from said reflected light detection means, 
The storage means which said optical value and the diameter value of 
crystal grain were made to correspond, and held them about two or more 
semi-conductor film of the same kind beforehand, Assessment equipment of 
the semi-conductor film characterized by having an assessment means to 
choose from said storage means the diameter value [ / based on the 
optical value computed with said operation means ] of crystal grain, and 
to determine the diameter value of crystal grain of said semi-conductor 
film. 

[Claim 6] Said operation means computes an optical value based on the 
information from said reflected light detection means from the relation 
between the wavelength of the light in the predetermined wavelength 
region of said semi-conductor film, and the value about a reflection 
factor. Said storage means Assessment equipment of the semi-conductor 
film according to claim 5 characterized by making the optical value 
beforehand computed about two or more semi-conductor film of the same 
kind from the relation between the wavelength of the light in said 
predetermined wavelength region, and the value about a reflection factor, 
and the diameter value of crystal grain at that time correspond, and 
holding them. 

[Claim 7] Said optical value is assessment equipment of the semi- 
conductor film according to claim 6 characterized by being the minimal 
value in the primary rate of change of said reflection factor in the 
predetermined wavelength region of said semi-conductor film. 
[Claim 8] Said reflection factor is assessment equipment of the semi- 
conductor film given in either of claim 5 to claims 7 which are the 
reflection factor of the light which carried out incidence at right 
angles to said semi-conductor film, and are characterized by for said 
predetermined wavelength region being a unique field of the dependency 
over the wavelength of a reflection factor or its primary rate of change, 
and being a unique field nearest to 500nm. 

[Claim 9] In the formation approach of the semi-conductor film on a 
substrate, a response with the optical value about the reflection factor 
of the light in the predetermined wavelength region of two or more semi- 
conductor film and the diameter of crystal grain at that time is 
investigated beforehand. While setting up the optical value used as the 
threshold for obtaining the desired diameter of crystal grain based on 
this The formation approach of the semi-conductor film characterized by 
calculating said optical value about the reflection factor of the light 



in said predetermined wavelength region of the formed semi-conductor 
film, comparing said threshold for this optical value after formation of 
the semi-conductor film, and judging the quality of said formed semi- 
conductor film. 

[Claim 10] In the formation approach of the semi-conductor film on a 
substrate, a response with the optical value about the reflection factor 
of the light in the predetermined wavelength region of two or more semi- 
conductor film and the diameter of crystal grain at that time is 
investigated beforehand. The process which sets up beforehand the 
optical value used as the threshold for obtaining the desired diameter 
of crystal grain based on this, The process which forms the amorphous 
semiconductor film, and the process which gives laser annealing to the 
formed amorphous semiconductor film, and is crystallized on it, The 
formation approach of the semi-conductor film characterized by 
calculating said optical value about the reflection factor of the light 
in said predetermined wavelength region of this crystallized semi- 
conductor film, comparing said threshold for this optical value, and 
having the process which judges the quality of said formed semi- 
conductor film. 

[Claim 11] Said optical value is the formation approach of the semi- 
conductor film according to claim 9 or 10 characterized by being the 
minimal value in the primary rate of change of said reflection factor. 
[Claim 12] Said reflection factor is the formation approach of the semi- 
conductor film given in either of claim 9 to claims 11 which are the 
reflection factor of the light which carried out incidence at right 
angles to said semi-conductor film, and are characterized by for said 
predetermined wavelength region being a unique field of the dependency 
over the wavelength of a reflection factor or its primary rate of change, 
and being a unique field nearest to 500nm. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the assessment approach of the semi- 
conductor film created on the substrate, assessment equipment, and the 
formation approach, this invention is deducing the diameter of crystal 
grain of the semi-conductor film by optical observation especially, and 
relates to the assessment approach of the semi-conductor film which 
enabled in-line-ization, assessment equipment, and the formation 
approach. 
[0002] 

[Description of the Prior Art] By using on a substrate the technique 
which creates the semi-conductor film, the thin film electric field 
effect mold transistor (TFT: Thin Film Transistor) used as the switching 
element of the matrix display section is made to one side of the 
substrate of the couple which raises the degree of integration of an 
integrated circuit, and attains large capacity-ization, or pinched 
liquid crystal in between, and development of mass-producing the liquid 
crystal display (LCD: Liquid Crystal Display) of the active-matrix mold 
which makes a high definition animation display possible is performed to 
it. 

[0003] If TFT as can show the property near M0SFET especially produced 
by the silicon substrate can be formed on an insulating substrate, it 
becomes possible not only the switching element of the matrix display 
section of LCD but to make the circumference actuation circuit for 
forming CMOS on the outskirts and supplying a desired actuation signal 
level to the matrix display section in one, and the so-called mass 
production driver built-in [ LCD ] can be performed. 
[0004] Since it becomes unnecessary to perform external [ of a driver 
component ] to a liquid crystal panel, the cutback of processes and 
narrow picture frame-ization of driver built-in [ LCD ] are attained. 
Especially, as for narrow-picture-frame-izing, the miniaturization of 
the product itself is attained in the application of a Personal Digital 
Assistant in recent years or the monitor of a handicap video camera. As 
one of the important technical problems in such utilization driver 
built-in [ LCD ], the good semi-conductor film may be created at the 
temperature in the heat-resistant critical range of a substrate on 
transparence insulating substrates, such as glass. Conventionally, 
forming TFT on a glass substrate was comparatively performed by low 



temperature by the 300 to about 400 degrees C thing for which amorphous 
substance-like a semi-conductor layer, especially an amorphous silicon 
(a-Si) are created. However, even if on resistance was high and could 
apply to the switching device of the matrix display section, by the time 
such a-SiTFT made it possible to constitute the driver section as which 
high-speed actuation is required from it, it did not result. 
[0005] On the other hand, TFT applicable also to the driver section can 
be formed by using for a channel layer the polycrystal semi-conductor 
with which the single crystal grain (grain) of a large number with the 
particle size of hundreds of A to thousands of A exists in the form 
where it contacted mutually. CMOS with sufficient rate to obtain dozens 
to about [ hundreds of cm ] 2/V. s, and for mobility be larger than a-Si 
double figures, especially polycrystalline silicon (p-Si), i.e., polish 
recon, and constitute the driver of LCD is formed. 

[0006] In order to create such driver built-in p-SiTFTLCD, it has been 
the biggest technical problem to form good p-Si of membraneous quality 
on a glass substrate. Usually, p-Si is formed by the approach of forming 
membranes directly with the solid phase grown method (SPC) to which 
crystallization is urged by heat-treating to a-Si formed on the 
substrate, or reduced pressure CVD. Each of these membrane formation 
approaches is processings in an elevated temperature of 700 to about 900 
degrees C, and the manufacture process of p-SiTFTLCD including such an 
elevated-temperature process is called an elevated-temperature process. 
In the elevated-temperature process, expensive substrates, such as heat- 
resistant high quartz glass, required as a substrate, and cost was high. 
[0007] For this reason, for some time, the applicant has been developing 
the approach of the highest also making temperature of a process about 
600 degrees C or less, and enabling adoption of a cheap alkali-free- 
glass substrate etc. as a substrate, in order to lower cost. The 
manufacture process of p-SiTFTLCD which suppressed such all processes 
below to the critical temperature of the thermal resistance of a 
substrate is called a low-temperature process. 

[0008] A low-temperature process is giving an excimer laser to a-Si, and 
became possible by excimer laser annealing (ELA) which stimulates 
crystallization and creates p-Si. Although an excimer laser is 
ultraviolet radiation generated in case the excimer made into the 
excitation state returns to a ground state, by ELA, it processes the 
configuration of a laser beam according to predetermined optical system, 
and is irradiated at the non-processing film. Thereby, heat energy is 
given especially on the surface of a-Si, at the temperature below the 
heat-resistant critical temperature of a substrate, crystallization is 



performed and p-Si is formed. 
[0009] 

[Problem (s) to be Solved by the Invention] In ELA, it has been main 
technical problems to solve the problem of the optimal setting out of 
the laser power and dispersion of exposure laser energy. As the relation 
between exposure laser energy and the diameter of crystal grain of p-Si 
(grain size) is shown in drawing 13 , grain size also becomes large as 
energy imparted becomes large, but if a certain point exceeds a certain 
point, grain size will become small rapidly and it will become 
microcrystal-ization, i. e. , micro crystal. Therefore, in order to obtain 
more than grain size (GM) big enough, the power of the laser light 
source must be set up the optimal between Minimum Ed and an upper limit 
Eu, and it is necessary to always manage ELA based on the relation of 
drawing 13 . 

[0010] especially — degradation of a laser medium — following — power 
setting out of equipment — actually — a ratio — if a gap with the 
effective energy irradiated by the processing film becomes large — 
drawing 13 — following — the grain size of p-Si — desired value — 
small — Moreover, in ELA equipment, the laser light emitted 

in the source of laser oscillation passes long-distance optical system, 
in order to operate orthopedically in the configuration of having been 
suitable for predetermined laser annealing and that it does not 
irradiate, but if optical system is polluted in this case even when it 
is slight by moisture, a foreign matter, etc. , it will cause lowering of 
effective energy too. 

[0011] Furthermore, dispersion in effective exposure energy also poses a 
problem. That is, if dispersion in exposure reinforcement has arisen in 
the exposure field of a laser beam, it will pose a problem that grain 
size does not become large enough in the field corresponding to the part 
from which exposure energy separated from the optimal range of drawing 
13 . As the assessment approach of the grain size of conventional p-Si, 
although there is SEK0ETCHI, the substrate which evaluated the film by 
this approach cannot be used as a product, but can only perform guessing 
assessment of other substrates. 

[0012] This inventions are the approach an in-line monitor estimates the 
p-Si film of this ** directly for the purpose of solving the problem to 
which it comes from exposure laser energy varying, and a thing which 
offers the formation approach and formation equipment further. 
[0013] 

[Means for Solving the Problem] This invention is the configuration of 
being made in order to attain this object, and deducing the diameter of 



crystal grain of the semi-conductor film based on the reflection factor 
of the light in the predetermined wavelength region of the semi- 
conductor film. Furthermore, in the assessment approach of the semi- 
conductor film on a substrate, while investigating beforehand a response 
with the optical value about the reflection factor of the light in the 
predetermined wavelength region of two or more semi-conductor film, and 
the diameter of crystal grain at that time It is the configuration of 
determining the diameter of crystal grain of said semi-conductor film 
which should be evaluated, by measuring the reflection factor of the 
light in said predetermined wavelength region of the semi-conductor film 
which should be evaluated, calculating said optical value about it, and 
collating this optical value with a response with said two or more 
optical values and diameter of crystal grain which were investigated 
beforehand. 

[0014] Thereby, the diameter of crystal grain can be evaluated, without 
destroying the semi-conductor film. Moreover, this invention is set to 
the assessment equipment of the semi-conductor film by which the semi- 
conductor film on a substrate is evaluated. The Mitsuteru gunner stage 
for assessment which irradiates the light for assessment at said semi- 
conductor film, and a reflected light detection means to detect the 
reflected light from said semi-conductor film of said light for 
assessment, An operation means to compute an optical value by 
calculating the information from said reflected light detection means, 
The storage means which said optical value and the diameter value of 
crystal grain were made to correspond, and held them about two or more 
semi-conductor film of the same kind beforehand, It is the configuration 
of having an assessment means to choose from said storage means the 
diameter value [ / based on the optical value computed with said 
operation means ] of crystal grain, and to determine the diameter value 
of crystal grain of said semi-conductor film. 

[0015] Said especially operation means computes an optical value based 
on the information from said reflected light detection means from the 
relation between the wavelength of the light in the predetermined 
wavelength region of said semi-conductor film, and the value about a 
reflection factor. Said storage means It is the configuration of making 
the optical value beforehand computed about two or more semi-conductor 
film of the same kind from the relation between the wavelength of the 
light in said predetermined wavelength region, and the value about a 
reflection factor, and the diameter value of crystal grain at that time 
corresponding, and holding them. 

[0016] Since the diameter of crystal grain can be evaluated by this, 



without destroying the semi-conductor film, the diameter of crystal 
grain can be investigated in a manufacture process. Moreover, in the 
formation approach of the semi-conductor film on a substrate, a response 
with the optical value about the reflection factor of the light in the 
predetermined wavelength region of two or more semi-conductor film and 
the diameter of crystal grain at that time is investigated beforehand. 
While setting up the optical value used as the threshold for obtaining 
the desired diameter of crystal grain based on this It is the 
configuration of calculating said optical value about the reflection 
factor of the light in said predetermined wavelength region of the 
formed semi-conductor film, comparing said threshold for this optical 
value after formation of the semi-conductor film, and judging the 
quality of said formed semi-conductor film. 

[0017] Furthermore, in the formation approach of the semi-conductor film 
on a substrate, a response with the optical value about the reflection 
factor of the light in the predetermined wavelength region of two or 
more semi-conductor film and the diameter of crystal grain at that time 
is investigated beforehand. The process which sets up beforehand the 
optical value used as the threshold for obtaining the desired diameter 
of crystal grain based on this, The process which forms the amorphous 
semiconductor film, and the process which gives laser annealing to the 
formed amorphous semiconductor film, and is crystallized on it, It is 
the configuration of having the process which calculates said optical 
value about the reflection factor of the light in said predetermined 
wavelength region of this crystallized semi-conductor film, compares 
said threshold for this optical value, and judges the quality of said 
formed semi-conductor film. 

[0018] Since the diameter of crystal grain can be evaluated by this, 
without destroying the semi-conductor film, in the middle of a 
manufacture process, a defective can be removed and cost is reduced. 
[0019] 

[Embodiment of the Invention] Drawing 1 to drawing 4 is related 
curvilinear drawing which measured the wavelength dependency (phase 
comparison) of the reflection factor of the p-Si film formed by giving 
ELA to the a-Si film. As an optical exposure and lighting equipment, the 
multichannel spectrometry machine made from the Otsuka electron was used. 
Moreover, an optical exposure and the reflected light went 
perpendicularly to the object film. When ELA laser power of drawing 1 is 
520mJ(s), drawing 2 is [ 540mJ(s) and drawing 4 of 530mJ(s) and drawing 
3 ] 550mJ(s) similarly. By comparing these drawings shows the following 
things. That is, the related curve is presenting the characteristic 



configuration near the wavelength of 500nm, and the singularity itself 
is further dependent also on laser power. Especially, in drawing 1 and 
drawing 2 , it is a trough, such change of the configuration of the 
reflection factor curve depending on laser power originates in change of 
the grain size of the p-Si film — it thinks. 

[0020] Then, the applicant differentiated the reflection factor curve 
and searched for primary rate of change. Drawing 5 to drawing 8 is the 
wavelength dependency curve of the primary rate of change of the 
reflection factor curve of drawing 1 to drawing 4 respectively. The 
deflection of a rate-of-change curve is large in the form where the 
singular part of a reflection factor curve was emphasized in near 500nm 
like drawing 4 from drawing 1 . namely, the singular part of the 
reflection factor curve in drawing 4 from drawing 1 — in more detail in 
the field near [ where wavelength becomes large / where it is alike, and 
it follows and a reflection factor also becomes high ] 500nm, the 
inclination of a reflection factor curve has changed locally — further 
There is a place which falls and serves as a trough and the relation of 
such a wavelength-reflection factor is clearly expressed as the minimum 
depth as shown by the arrow head in the trough of a rate-of-change curve 
in drawing 8 from drawing 5 . It has this minimal value and is made to 
represent with this invention as an optical value which is a value of a 
proper when ELA is performed under each conditions. 

[0021] Drawing 9 is drawing which investigated the relation between the 
optical value acquired by doing in this way, and the grain size obtained 
by surveying by SEKOETCHI etc. on the actual p-Si film at that time 
about many samples. A continuous line is a trend line of these relation. 
This shows that grain size is large, so that it will be carried out the 
more if the singular part of the reflection factor curve of drawing 4 is 
eased from drawing 1 the more an optical value becomes large namely. 
That is, in these condition range, grain size is changing to the linear 
to an optical value. Therefore, grain size can be deduced by 
investigating the rate of change of a reflection factor. 
[0022] Although the mechanism does not have such a clear wavelength 
dependency of a reflection factor or its rate of change about a unique 
property being shown in a specific wavelength field, depending on 
whenever [ crystal order ], the superiority or inferiority of an echo 
and scattered reflection change, and that in which it appears notably in 
an above-mentioned wavelength region especially is conjectured. 
Therefore, the diameter of crystal grain can be deduced from 
investigating such optical property in inverse operation. 
[0023] Here, I hear that the relation between an optical value and laser 



energy (grain size) has the description as shown in drawing 10 , and 
having been traced still more nearly experientially has it. That is, in 
a certain energy field, an optical value turns into the minimum value 
and it has relation in which an optical value rises symmetrically on the 
both sides. And the energy density which takes the minimum value of such 
an optical value experimentally is from 300 mj/cm2 to 350 mj/cm2 
generally, and when the laser power in ELA considers that fine 
adjustment in the range of 400 mj/cm2 to about two 500 mj/cm is demanded 
for an energy density, it turns out that the relation between an optical 
value and laser power, i. e. , grain size, presents a linear configuration 
mostly. 

[0024] Drawing 11 is the block diagram of the assessment equipment 
concerning the gestalt of operation of this invention. It is the 
processed substrate with which the semi-conductor film with which 
operation part and (2) should evaluate (1) and a detecting element and 
(5) should evaluate the storage section and (3) was formed. As for a 
detecting element (3), a light emitting device and lighting components, 
such as a halogen lamp, constitute the coaxial fiber. ELA is given, a 
processed substrate (5) is crystallized by a-Si formed on the insulating 
substrate, and p-Si is formed. A detecting element (3) detects that 
reflected light, and investigates the spectral characteristic while it 
irradiates the light for detection at this processed substrate (5). This 
spectral characteristic information is sent to operation part (1). In 
operation part (1), the wavelength dependency of the reflection factor 
shown in drawing 4 from drawing 1 is computed, the primary rate of 
change of the reflection factor shown in drawing 8 from drawing 5 is 
searched for, further, the minimal value is investigated and an optical 
value is determined after this. This optical value is sent to the 
storage section (2). The optical value shown in drawing 9 and the grain 
size at that time correspond, and are held at the storage section (2). 
The storage section (2) is the nonvolatile memory by which the value of 
the grain size which made information based on an optical value the 
address was held. Therefore, the address is generated based on the 
optical value sent from operation part (1), and reading appearance of 
the value of grain size is carried out. Thus, the obtained grain size is 
determined as grain size of the processed substrate (5). Dispersion in 
the exposure field of ELA energy is manageable by performing measurement 
of such grain size by two or more points on a processed substrate (5). 
Moreover, according to the property of ELA equipment, and the time of 
equipment, the information held at the storage section (2) can be 
rewritten, or can also respond also to long-term condition fluctuation 



by exchanging memory etc. 

[0025] Assessment of the p-Si film in such this invention is performed 
by measurement of the rate of a light reflex, i. e. , lighting of a 
suitable optical exposure and its reflected light. Therefore, in-line 
monitoring can become possible, the grain size measurement process 
concerning this invention can be installed immediately after the 
formation process of the p-Si film, and ELA can be managed. Drawing 12 
is assessment equipment introduced into a manufacture process. (1), (3), 
and (5) are the same operation part as drawing 11 , a detecting element, 
and a processed substrate respectively. (4) is the judgment section. The 
optical value corresponding to the upper limit of the tolerance of the 
grain size of target p-Si and the optical value corresponding to a 
minimum are set to the judgment section (4). The optical value sent from 
operation part (1) is compared with the optical value of these upper 
limits and a minimum, it is investigated whether the grain size of the 
processed substrate (5) of this is in tolerance, and the quality of 
the processed substrate (5) is judged. When it judges that a processed 
substrate (5) is poor, as for the processed substrate (5), migration at 
degree process is forbidden. 

[0026] By thus, the thing for which the assessment process of this 
invention is installed after an ELA process Measure the grain size just 
behind ELA and laser radiation energy changes for some reasons 
[ exhausting / contamination of moisture, a foreign matter, and optical 
system, / of the laser light source ]. When grain size does not become 
large enough, or it stops and cancels and manufacture, delivery and 
the p-Si film are removed at the etching process of the p-Si film, and 
measures, such as redoing from a membrane formation process again, are 
taken. Furthermore, by unifying the assessment process of ELA and this 
invention, the p-Si film is evaluated on a simultaneous target, 
performing laser radiation, and ELA while always adjusting laser power 
the optimal becomes possible by feeding back to ELA. 
[0027] 

[Effect of the Invention] By this invention, since insertion to a 
production process of the assessment process of the diameter of crystal 
grain of the semi-conductor film was attained, management of a semi- 
conductor film formation process can always be performed. Thereby, when 
the membraneous quality of the semi-conductor film immediately after 
formation comes outside tolerance, and manufacture can be stopped and 
a defective can be discovered in an early phase. For this reason, 
excessive cost is reduced and the yield improves. Moreover, film 
assessment is performed in parallel with a production process, and since 



it is always finely tuned by the optimal conditions by reflecting this 
in a semi-conductor film formation process, a semiconductor device with 
a good property is manufactured. 
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[Brief Description of the Drawings] 

[Drawing 1] It is related drawing which measured the wavelength 
dependency of the reflection factor of the p-Si film in this invention. 
[Drawing 2] It is related drawing which measured the wavelength 
dependency of the reflection factor of the p-Si film in this invention. 
[Drawing 3] It is related drawing which measured the wavelength 
dependency of the reflection factor of the p-Si film in this invention. 
[Drawing 4] It is related drawing which measured the wavelength 
dependency of the reflection factor of the p-Si film in this invention. 
[Drawing 5] It is related drawing which searched for primary rate of 
change from the curve of the wavelength dependency of the reflection 
factor in drawing 1 . 

[Drawing 6] It is related drawing which searched for the primary rate of 
change of the curve of the wavelength dependency of the reflection 
factor in drawing 2 . 

[Drawing 7] It is related drawing which searched for the primary rate of 
change of the curve of the wavelength dependency of the reflection 
factor in drawing 3 . 

[Drawing 8] It is related drawing which searched for the primary rate of 
change of the curve of the wavelength dependency of the reflection 
factor in drawing 4 . 

[Drawing 9] It is related drawing of the minimal value of primary rate 
of change, and the grain size of the p-Si film. 



[Drawing 10] It is related drawing of laser energy and the minimal value 
of primary rate of change. 

[Drawing 11] It is the block diagram of the assessment equipment of the 
semi-conductor film concerning the gestalt of operation of this 
invention. 

[Drawing 12] It is the block diagram of the formation equipment of the 
semi-conductor film concerning the gestalt of operation of this 
invention. 

[Drawing 13] It is related drawing of exposure laser energy and grain 
size. 

[Description of Notations] 

1 Operation Part 

2 Storage Section 

3 Detecting Element 

4 Judgment Section 

5 Processed Substrate 
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[Drawing 2] 
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